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Abstract 

 

    DNA computation has its roots in 1959, 

when Richard Feynmam first introduced the 

visionary idea of computing at a molecular 

level.  In 1994, Leonard Adleman used bio-

logical experiments with DNA strings to 

solve the directed Hamiltonian path problem, 

which is considered to be intractable because 

of its NP-completeness.  The idea is to use 

strands of DNA to encode the problem, and 

to manipulate them using techniques com-

monly available in any molecular biology 

laboratory, such as ligation, PCR(polymerase 

chain reaction), gel-electrophoresis, and bio-

tin-avidin affinity purification, etc.  After 

Adleman’s experiment, there has been a 

flurry of interest in the idea of using DNA to 

perform computations.  And some compu-

tation theories about DNA computer are de-

veloped, such as molecular Turing machine.  

The potential benefits of using this particular 

molecule are enormous due to the massive 

inherent parallelism of performing concurrent 

operations on trillions of strands. 

    We survey the field in DNA computa-

tion and provide the foundation of this field 

for people who are interested in it.  We then 

perform DNA computation in dealing with 

problems which were solved by using con-

ventional algorithms, including graphic theory 

and number theory, and propose novel DNA 
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computing models and DNA algorithms.  

Finally, we compare the DNA algorithms 

with the conventional algorithms, analyze 

their advantages and disadvantages respec-

tively, characterize the properties of DNA 

computers, and find classes of problems for 

which DNA-based computers will 

out-perform conventional, silicon-based ma-

chines. 

 

Keywords: DNA computation, parallel com-

putation, molecular Turing machine, 

DNA computer, DNA algorithm 
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